a Cobalt-containing polyoxotitanates (TiCo) are excellent precursors for the simple and scalable preparation of Nocera-type CoO x wateroxidation electrocatalysts. The TiCo cages serve as a reservoir for cobalt ions in a titania matrix on fluoride-doped tin oxide electrodes, and form, in situ, the active CoO x catalyst for O 2 evolution with high stability in phosphate buffer in pH neutral water.
The production of H 2 through electro-or photochemical water splitting is a promising approach to provide renewable energy. can, at least in part, be attributed to the weak attachment of the cobalt ions on the FTO surface and its removal during the rinsing procedure (Fig. 2a) . In contrast, Co ions in FTO|1 and FTO|2 are entrapped in the Ti-O-Ti network, resulting from hydrolysis and polycondensation of the polyoxotitanate nanocages after the drop-casting procedure by moisture in air. 15 The FTO|TiCo electrodes not only exhibited high electrocatalytic activity, but also showed high stability in a pH neutral P i solution (Fig. 2b ). An initial current density of 0.8 mA cm
À2 at an applied potential of 1.35 V vs. NHE was obtained, which retained approximately 80% of the initial density after 1 h. The FTO|Co(NO 3 ) 2 electrode exhibited an initial current density of 0.52 mA cm À2 and approximately 80% of electroactivity was lost after 1 h. Employing the FTO|TiCo electrodes in a Na 2 SO 4 (0.1 M) solution resulted in a reduced initial current response (0.55 mA cm À2 ) with a decrease in current density of approximately 92% after 1 h operation at 1.35 vs. NHE. 16 Controlled potential electrolysis with FTO|1 in a pH neutral P i solution (0.1 M) allowed us to determine the Faradaic yield of electrocatalytic O 2 evolution. After 1 h and at a potential of 1.35 V vs. NHE, a charge of 4.07 C was passed through FTO|1 and 9.4 mmol of O 2 were detected with a fluorescence oxygen probe (Fig. S3 , ESI ‡). The O 2 measurement confirms that the anodic catalytic current arises from O 2 evolution with a Faradic efficiency of approximately 90%.
Our electrochemical study suggests that the Co-containing electrocatalyst formed is comparable with the Co-P i catalyst reported by Nocera's group. 6a,9 The nanocages 1 and 2 show a comparable activity, indicating that the same water oxidation catalyst is formed from these two nanocage precursors on the FTO substrate. Catalytic activity with high stability is only observed in the presence of cobalt ions, and P i allows for the in situ formation of the catalyst from the decomposed TiCo cages under anodic condition. However, several differences between FTO|TiCo and Co-P i exist. Scanning electron microscopy (SEM) images of FTO|1 and FTO|2 are shown in Fig. 3 and Fig. S4 (ESI ‡), respectively. Both electrodes show a similar surface morphology with porous islands and cracks between these islands. For comparison, electrodeposited Co-P i forms a thin film coalesced with individual 1-5 mm spherical nodule particles. 6a The porous islands and cracks on FTO|TiCo give access to a high surface area and are presumably formed during the rapid evaporation of dichloromethane. No obvious change is observed in the surface morphology of the islands before and after 1 h applied potential at 1.35 V vs. NHE (FTO|1*). However, electrodeposition of a new layer is observed in the crack area in FTO|1* (Fig. 3b) . The fluctuations in the i-t curve resulted from the disturbance of O 2 bubbles formed on the surface. Fig. 3 Planar view SEM images of (a) the as-prepared FTO|1 and (b) the FTO|1*.
Detailed examination of the chemical composition of the islands and cracks was carried out by energy dispersive X-ray (EDX) analysis on FTO|1 (Fig. S5 (ESI ‡) and Table 1 ). Before electrochemical treatment, the Co/Ti ratio of 0.26 in the islands reflects the ratio of these elements in nanocage 1 of 0.22. Co and P are not detectable in the crack area of the FTO|TiCo electrodes before electrochemical treatment. After applying 1.35 V vs. NHE for 1 h, the Co content on the islands decreased and significant amounts of Co (8.2%) and P (4.8%) were found on the electro-deposited layers in the crack area. EDX analysis therefore confirms that Co ions migrate under anodic conditions from the islands to the crack area; in analogy to the mechanism suggested for self-healing in Co-P i . 9 The stoichiometric ratio of Co : P of 2 : 1 in the cracks is also indicative of the formation of a Co-P i type species. 6a Powder X-ray diffraction (XRD) studies reveal that the deposited CoO x catalyst and the titania matrix are amorphous (Fig. S6 , ESI ‡). In summary, our study demonstrates that TiCo cages are excellent single-source precursors for the assembly of technologically important materials for water oxidation. By simple dropcasting TiCo cages 1 and 2 on FTO electrodes, we incorporated Co ions in a titania matrix, which form an active CoO x species in situ within minutes by applying a positive potential (>1.2 V vs. NHE). Work is currently in progress to study nanosized cages for different redox reactions.
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Notes and references § Synthesis of 2: CoI 2 (356 mg, 1.14 mmol), Ti(O i Pr) 4 (2.0 mL, 9.54 mmol) and i PrOH (5 mL) were mixed under N 2 in a sample vial and heated in an autoclave at 150 1C for 3 days. Slow cooling to room temperature produced cubic, blue crystals of 2 (600 mg, 27%).
1 H NMR spectroscopy shows that 2 is paramagnetic. Direct (allowed) band gap (CH 2 Cl 2 ): 4.68 AE 0.12 eV; indirect (forbidden) band gap (CH 2 Cl 2 ): 3.35 AE 0.05 eV (see . The crystal was mounted on a glass fibre with oil (in order to protect it from atmospheric moisture in particular). Data were collected on a Bruker Smart Apex diffractometer. The crystals diffracted only weakly, therefore the data were truncated at a resolution of d o 1.00 Å. The structure was refined by full-matrix least squares on F 
